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(57) There are provided an intermetallic compound 
superconductor that is high in superconducting transi- 
tion temperature, and an alloy superconductor that is 
high in superconducting transition temperature and ex- 
cels in malleability and ductility, as well as a method of 
making such a superconductor with good reproducibility 
and at a low cost of manufacture. This entirely new in- 
termetallic compound superconductor is made of mag- 
nesium (Mg) and boron (B) and has a chemical compo- 
sition expressed by formula: Mg 1 B 2> has a hexagonal 
AIB 2 type crystal lo graphic structure and has a super- 
conducting transition temperature (Tp) of 39 K. An alloy 
containing this intermetallic compound excels in malle- 
ability and ductility and constitutes the alloy supercon- 
ductor having a superconducting transition temperature 
(TJ of 39 K. In the method of manufacture, a Mg con- 
taining feedstock powder and a B containing feedstock 
powder are mixed together to form a mixture thereof 
which is, e.g., hot pressed to produce a semiconductor 
product. 
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Description 

Technical Field 

[0001] This present invention relates to an intemrcetal- 5 
lie superconductor and an alloy superconductor which 
can be utilized in superconducting electronics such as 
a large scale electric powder transmission system, a su- 
perconductive powder storage system, a high perform- 
ance Josephson device and a high frequency or elec- 10 
tronic device, and which especially are high in super- 
conducting transition temperature, are easy to manufac- 
ture, excel in malleability and ductility, and yet are alto- 
gether new. The invention also relates to a method of 
making such a novel superconductor. *5 

Background Art 

[0002] Superconductors are known to include a su- 
perconductor made of a simple metal, a superconductor 20 
made of a compound, and a superconductor made of 
composite oxides. 

[0003] A simple metal superconductor may contain a 
simple metal such Pb and Nb but is known to lack utility 
because it is low in superconducting transition temper- 25 
ature. 

[0004] Known as intermetalllc compound supercon- 
ductors include those having a A15 type crystal log raph- 
ic structure of intermetallic compounds as represented 
by Nb 3 Ge, Nb 3 Ga, Nb 3 AI and Nb 3 Sn, and those having 
a chevrel type crystal lographic structure of intermetallic 
compounds as represented by PbMo 6 S 8 . Intermetallic 
compound superconductors having an AIB2 type crys- 
tallographic structure of intermetallic compounds as 
represented by NbB 2 are also known which, however, 
are also known to be extremely low in superconducting 
transition temperature (T c = 0.62 K, see Journal of the 
Less-Common Metals, 67 (1 979), 249 - 255). These in- 
termetaliic compound superconductors include one with 
Nb 3 Ge which is relatively high in superconducting tran- 
sition temperature (= about 23 K), but commonly have 
the disadvantage that they are weak in distortion and 
are fragile. 

[0005] Known as a composite oxide superconductor 
include La group oxide superconductors as represented 
by composition La 2 - x Ba x Cu0 4 , Y group oxide supercon- 
ductors as represented by composition Y-jBagCusO^, 
Bi group oxide superconductors as represented by com- 
position BigSrgCa^CUnOg,^. T1 group superconduc- 
tors as represented by composition 
■ngBagCa^CUnOgrv^t and Hg 9 rou P oxide supercon- 
ductors as represented by Hg 1 Ba 1 CaCu 1 O s+x . These 
composite oxide superconductors are high in supercon- 
ducting transition temperature and indeed include those 
which have their superconducting transition tempera- 
tures reaching as high as 150 K. The composite oxide 
superconductor has a perovskite structure made up of 
a lamination of an octahedral, pyramidal or planar su- 



perconducting layer of Cu0 2 , and a block layer (dissim- 
ilar in crystallographic structure to the superconducting 
layer) made of an atom or atoms such as La, Ca, Y, Bi 
or Hg and oxygen. As such the extreme complexity of 
the crystallographic structure of a composite oxide su- 
perconductor makes it difficult to conduct its production 
in a large volume and with good reproducibly. In addi- 
tion, the superconductor being a composite oxide is nat- 
urally poor in both malleability and ductility, and is hard 
to use as a superconducting electric cable or wire. 
[0006] A well known alloy superconductor is a Nb-Ti 
alloy, which is excellent in malleability and ductility and 
hence has been used to form superconducting electric 
cables or wires and superconducting magnets. Howev- 
er, an alloy conductor is as low in superconducting tran- 
sition temperature as, e.g., about 9 K with the Nb-Tl al- 
ioy, and hence improvements in them are being sought. 
[0007] It is accordingly an object of the present inven- 
tion to provide an intermetallic compound that is high in 
superconducting transition temperature. It is also an ob- 
ject of the present invention to provide an alloy super- 
conductor that is high in superconducting transition tem- 
perature and also excels in malleability and ductility. It 
is further an object of the present invention to provide 
methods of making them reproducibly and at a relative 
low cost of manufacture. 

Disclosure of the Invention 

[0008] First, it is summarily stated how the inventors 
arrived at the present invention. It is generally thought 
that a superconductor made to contain a light element 
has its superconducting transition temperature raised. 
It was forecast that boron which is a light element and 
whose crystal is a semiconductor may be combined with 
another or other elements to develop superconductivity 
with a high probability. While among compounds of var- 
ious transition metallic elements with boron, T1B2 taking 
the AIB2 crystallographic structure was found to be ex- 
tremely low in electrical resistance, it did not exhibit su- 
perconductivity. After various three-element combina- 
tions were tried, it was confirmed that a combination of 
magnesium, a transition metal and boron developed a 
superconductivity which was, however, extremely low. 
Then, a trial of composing these elements in various al- 
tered proportions revealed that a stronger superconduc- 
tivity is obtainable with a compound of magnesium and 
boron without containing a transition metallic element. 
However, since compounds were initially tested which 
contained magnesium much larger in amount than bo- 
ron, powder X-ray diffraction measurements made ob- 
servable only diffraction lines based on the crystallo- 
graphic structure of the magnesium crystal, leading to 
the assumption that the genesis of the superconductivity 
might be an alloy in which boron is solid-dissolved into 
magnesium. Then, however,, experiments conducted 
while varying the proportions of magnesium and boron 
iittle by little have finally revealed that the intermetallic 
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compound of MgB exhibits a very high superconducting 
transition temperature at composition proportions of 
Mg n B2 where a strong superconductivity is also ob- 
served. Upon the confirmation that this is the essential 
of the superconduction, the present invention has been 
arrived at. 

[0009] Accordingly, the first object mentioned above 
is attained in accordance with the present invention by 
an intermetallic compound superconductor character- 
ized in that it is made of magnesium (Mg) and boron (B) . 
[0010] The second object mentioned above is at- 
tained in accordance with the present invention by an 
alloy superconductor characterized in that it contains an 
intermetallic compound made of Mg and B and also con- 
tains one or more metallic elements; 
[0011] The said intermetallic compound supercon- 
ductor is characterized in that it has a composition rep- 
resented by chemical composition formula: Mg 1 B 2 and 
having a hexagonal AIB2 type crystallographic structure 
in which a Mg layer and a B layer alternately lie. 
[0012] Also, the said alloy superconductor that con- 
tains an intermetallic compound made of Mg and B is 
characterized in that it is an alloy having a composition 
represented by composition formula: Mg 1 . x B 2 ^ y where 
0 < x <1 , -2 < y < 0 and 0 < y < 2. 
[0013] The intermetallic compound superconductor 
made up as mentioned above has a superconducting 
transition temperature (TJ of 39 K, and is higher in su- 
perconducting transition temperature than any interme- 
tallic compound superconductor so far known and in- 
deed much higher in superconducting transition temper- 
ature than any known intermetallic compound super- 
conductor having the AIB 2 type crystallographic struc- 
ture. 

[0014] Also, the alloy superconductor made up as 
mentioned above has a superconducting transition tem- 
perature (TJ of 39 K, and is higher in superconducting 
transition temperature than any alloy superconductor so 
far known and comes also higher in both malleability and 
ductility. 

[0015] The intermetallic compound superconductor 
made of magnesium and boron as mentioned above can 
be used as a superconductor high in superconducting 
transition temperature (TJ in superconducting electron- 
ics such as a high performance Josephson device and 
a high frequency or electronic device. . 
[0016] The alloy superconductor containing the inter- 
metallic compound made up of magnesium and boron 
as mentioned above can be used as a superconductor 
high in superconducting transition temperature and also 
excellent in malleability and ductility for a superconduct- 
ing electric wire or cable used in a superconducting elec- 
tric powder transmission system, a superconducting 
electric powder storage system or the like and also In a 
superconducting electronic component such as a high 
performance Josephson. device and a high frequency or 
electronic device. 

[0017] The present invention further provides a meth- 



od of making an intermetallic compound superconduc- 
tor, which method is characterized in that it comprises 
the steps of: mixing a Mg containing powder and a B 
containing powder together to form a mixture powder 

5 thereof so that the mixture powder contains Mg and B 
at a compositional ratio of Mg/B = 1/2, shaping the said 
mixture powder into the form of a pellet, and heating the 
said pellet in an inert gas to form the intermetallic com- 
pound superconductor. 

10 [001 8] An alternative method of manufacture of an in- 
termetallic compound superconductor in accordance 
with the present invention may comprise the steps of: 
mixing a Mg containing powder anda B containing pow- 
der together to form a mixture powder thereof so that 

is the mixture powder contains Mg and B at a composition- 
al ratio of Mg/B =1/2, shaping the said mixture powder 
into the form of a pellet, and heating the said pellet in a 
vacuum to form the intermetallic compound supercon- 
ductor. 

20 [001 9] An alternative method of manufacture of an in- 
termetallic compound superconductor in accordance 
with the present invention may comprise the steps of: 
mixing a Mg containing powder and a B containing pow- 
der together to form a mixture powder thereof so that 

25 the mixture powder contains Mg and B at a composition- 
al ratio of Mg/B = 1/2, shaping the said mixture powder 
into the form of a pellet, and heating the said pellet in a 
pressu rized inert gas to form the intermetallic compound 
superconductor. 

30 [0020] An alternative method of manufacture of an in- 
termetallic compound superconductor in accordance 
with the present invention may comprise the steps of: 
mixing a Mg containing powder and a B containing pow- 
der together to form a mixture powder thereof so that 

35 the mixture powder contains Mg and B at a composition- 
al ratio of Mg/B « 1/2, shaping the said mixture powder 
into the form of a pellet, and pressing and heating or hot- 
pressing the said pellet to form the intermetallic com- 
pound superconductor. 

40 [0021] . The present invention also provides a method 
of making an alloy superconductor, characterized in that 
it comprises the steps of: mixing a Mg containing powder 
and a B containing powder together to form a mixture 
powder thereof so that the mixture powder contains Mg 

45 and B at a compositional ratio of Mg/B = (1 .-x) / (2 + y) 
where 0 < x < 1 , -2 < y < 0 and 0 < y < 2, shaping the 
said mixture powder into the form of a pellet, and heating 
the said pellet in an inert gas to form the alloy supercon- 
ductor- 

50 [0022] An alternative method of manufacture of an al- 
loy superconductor in accordance with the present in- 
vention may comprise the steps of: mixing a Mg con- 
taining powder and a B containing powder together to 
form a mixture powder thereof so that the mixture pbw- 

55 der contains Mg and B at a compositional ratio of Mg/ 
B=^ (1 -x) / (2 + y) where 0 < x < 1 , -2 < y < 0 and 0 < y 
< 2, shaping the said mixture powder into the form of a 
pellet, and heating the said pellet in a vacuum to form 
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the alloy superconductor. 

[0023] An alternative method of manufacture of an al- 
loy superconductor in accordance with the present in- 
vention may comprise the steps of: mixing a Mg con- 
taining powder and a B containing powder together to 5 
form a mixture powder thereof so that the mixture pow- 
der contains Mg and B at a compositional ratio of Mg/B 
= (1 -x) / (2 + y) where 0<x<1,-2<y<0 and 0 < y < 
2, shaping the said mixture powder into the form of a 
pellet, and heating the said pellet in a pressurized inert 10 
gas to form the alloy superconductor. 
[0024] . An alternative method of manufacture of an al- 
loy superconductor in accordance with the present in- 
vention may comprise the steps of: mixing a Mg con- 
taining powder and a B containing powder together to 
form a mixture powder thereof so that the mixture pow- 
der contains Mg and B at a compositional ratio of Mg/B 
= (1 -x) / (2 + y) where 0<x<1 f -2<y<0 and 0 < y < 
2, shaping the said mixture powder into the form of a 
pellet t and pressing and heating or hot pressing the said 
pellet to form the alloy superconductor. 
[0025] In the method of manufacture of an intermetal- 
Itc compound superconductor mentioned above, the 
said pellet is preferably heated in the said inert gas at a 
temperature of 700 to 2000°C for a period of several 
seconds or more. 

[0026] In the method of manufacture of an intermetal- 
lic compound superconductor mentioned above, the 
said pellet is preferably heated in the vacuum under a 
pressure of 2 x 10* 2 Pa or less at a temperature of 650 
to 1 1 00°C for a period of several minutes or more. 
[0027] I n the method of manufacture of an intermetal- 
lie compound superconductor mentioned above, the 
said pellet is also preferably heated in the said inert gas 
under a pressure of 1 to 200 M Pa at a temperature of 
600 to 11 00°C for a period of several minutes or more. 
[0028] I n the method of manufacture of an intermetal- 
lic compound superconductor mentioned above, the 
said pellet is also preferably pressed and heated or hot 
pressed under a pressure of 0.1 to 6 GPa at a temper- 
ature of 700 to 1400°C for a period of several minutes 
or more. 

[0029] In the method of manufacture of an alloy su- 
perconductor mentioned above, the said pellet is advan- 
tageously heated in the said inert gas at a temperature 
of 700 to 2000°C for a period of several seconds or 
more. 

[0030] . In the method of manufacture of an alloy su- 
perconductor mentioned above, the said pellet is advan- 
tageously heated in the vacuum under a pressure of 2 
x 10" 2 Pa or less at a temperature of 650 to 1 100°C for 
a period of several minutes or more. 
[0031] In the method of manufacture of an alloy su- 
perconductor mentioned above, the said pellet is advan- 
tageously heated in the said inert gas under a pressure 
of 1 to 200 MPa at a temperature of 600 to 1100°C for 
a period of several minutes or more. 
[0032] In the method of manufacture of an alloy su- 



perconductor mentioned above, the said pellet is advan- 
tageously pressed and heated or hot pressed under a 
pressure of 0.1 to 6 GPa at a temperature of 700 to 
1400°C for a period of several minutes or more. 
[0033] The method of making an intermetallic com- 
pound superconductor mentioned above permits an in- 
termetallic compound superconductor composed of 
magnesium (Mg) and boron (B) in accordance with the 
present invention to be manufactured reproducibly and 
easily. 

[0034] The method of making an alloy superconduc- 
tor mentioned above permits an alloy superconductor 
containing the above-mentioned intermetallic com- 
pound in accordance with the present invention to be 
manufactured reproducibly arid easily. 

Brief Description of the Drawings 

[0035] The present invention will better be understood 
from the following detailed description and the drawings 
attached hereto showing certain illustrative forms of em- 
bodiment of the present invention. In this connection, it 
should be noted that such forms of embodiment illus- 
trated in the accompanying drawings hereof are intend- 
ed in no way to limit the present invention but to facilitate 
an explanation and understanding thereof. In the draw- 
ings: 

Fig. 1 is a diagram illustrating the crystallographic 
structure of an intermetallic compound supercon- 
ductor made of magnesium and boron in accord- 
ance with the present invention; 
Figs. 2(a) and 2(b) are a side and a plan view, re- 
spectively, of the crystallographic structure of the in- 
termetallic compound made of magnesium and bo- 
ron in accordance with the present invention; 
Fig. 3 is a graph illustrating a result of powder X-ray 
diffraction measurements conducted of the interme- 
tallic compound superconductor according to the 
present invention; 

Fig. 4 is a table listing atomic coordinates derived 
of Mg and B in a unit cell from the powder X-ray 
diffraction measurement pattern; 
Fig. 5 Is a graph illustrating a result of measure- 
ments conducted to derive the temperature charac- 
teristics of the resistance of the intermetallic com- 
pound semiconductor made of magnesium and bo- 
ron in accordance with the present invention; 
Fig. 6 is a graph illustrating a result of measure- 
ments conducted to derive the temperature charac-. 
teristics of the magnetic susceptibility of the inter- 
metallic compound made of magnesium and boron 
in accordance with the present invention; 
Fig. 7 is a graph illustrating a result of powder X-ray 
diffraction measurements conducted of an alloy su- 
perconductor containing the intermetallic com- 
pound made of magnesium and boron in accord- 
ance with the present invention; 
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Fig. 8 is a graph illustrating a result of measure- 
ments conducted to derive the temperature charac- 
teristics of the resistance of the alloy superconduc- 
tor containing the intermetallic compound made of 
magnesium and boron in accordance with the 
present invention; and 

Fig. 9 is a graph illustrating a result of measure- 
ments conducted to derive the temperature charac- 
teristics of the magnetic susceptibility of the alloy 
superconductor containing the intermetallic com- 
pound made of magnesium and boron in accord- 
ance with the present invention. 

Best Modes for Carrying Out the Invention 

[0036] Hereinafter, the present invention will be de- 
scribed in detail with reference to suitable forms of em- 
bodiment thereof Illustrated in the drawing figures. 
[0037] Mention is first made of the crystallographic 
structure of an intermetallic compound made of magne- 
sium and boron according to the present invention. 
[0038] Fig. 1 is a diagram illustrating the crystallo- 
graphic structure of an intermetallic compound made of 
magnesium and boron in accordance with the present 
invention. Figs. 2(a) and 2(b) are a side and a plan view, 
respectively, of the crystallographic structure in some 
more details 

[0039] As shown in Figs. 1 and 2, an intermetallic 
compound according to the present invention is ex- 
pressed by chemical composition formula: Mg 1 B 2 and 
has a hexagonal AIB2 type crystallographic structure. 
[0040] Fig. 3 is a graph illustrating a result of powder 
X-ray diffraction measurements conducted of an inter- 
metallic compound of the present invention made by a 
method of manufacture to be described later herein. The 
X-ray diffraction measurements were conducted using 
a biaxial X-ray diffraction analyzer (made by company 
RIGAKU, model RINT2000). 

[0041] From the powder X-ray diffraction measure- 
ment pattern shown In Fig. 3, it is seen that the crystal 
system is hexagonal and belongs to the space group 
p6/mmm. It is also seen that its a- and b-axis have a 
length of 3.083 angstroms and its c-axis has a length of 
3.527 angstroms. 

[0042] Fig. 4 is a table listing atomic coordinates de- 
rived of Mg and B in a unit cell from this powder X-ray 
diffraction measurement pattern. As is apparent from 
Fig. 4, it is seen that a B atom is positioned at a center 
of three closest arrayed Mg atoms in a-b planes and also 
at a center of adjacent arrays of Mg atoms in the direc- . 
tion of c-axis. 

[0043] As is apparent from Figs. 3 and 4, the interme^ 
tallic compound superconductor according to the 
present invention has the hexagonal AIB 2 type crystal- 
lographic structure shown in Figs. 1 and 2. 
[0044] Mention is next made of the superconducting 
characteristics of the intermetallic compound supercon- 
ductor made of magnesium and boron in accordance 



with the present invention. 

[0045] Fig. 5 is a graph illustrating a result of meas- 
urements conducted to derive the temperature charac- 
teristics of the resistance of the intermetallic compound 
5 semiconductor made of magnesium and boron in ac- 
cordance with the present invention. The electrical re- 
sistance was measured according to the 4-probe meth- 
od. 

[0046] From Fig, 5, it is seen that the electrical resist- 
ance decreases with the temperature decreased, and 
sharply becomes zero at a temperature of 39 K, which 
indicates that the intermetallic compound has a super- 
conducting transition temperature of 39 K. 
[0047] While the superconducting transition tempera- 
ture is usually defined in terms of both T c onset and T c - 
zero, the intermetallic compound superconductor ac- 
cording to the present invention has T c onset = 39 K and 
TgZero = 38 K. 

[0048] Mention is next made of a result of measure- 
ments of the magnetic susceptibility of the intermetallic 
compound according to the present invention. 
[0049] Fig. 6 is a graph illustrating a result of meas- 
urements conducted to derive the temperature charac- 
teristics of the magnetic susceptibility of the intermetallic 
compound made of magnesium and boron in accord- 
ance with the present invention. The magnetic suscep- 
tibilities were measured using a DC susceptometer or 
DC susceptibility measurement apparatus (made by 
company Quantum Design, MPMS Series, Model 
MPMS-R2). 

[0050] As is apparent from Fig. 6, exhibiting negative 
susceptibilities, namely diamagnetism, at temperatures 
lower than T c = 39 K it is seen that the intermetallic com- 
pound superconductor made of magnesium and boron 
in accordance with the present invention is a supercon- 
ductor having a superconducting transition temperature 
of T c = 39 K. 

[0051] In Fig. 6, the case is shown that cooling is ef- 
fected under a magnetic field H (= 100 Oersted). Show- 
ing lower susceptibilities in cooling under a magnetic 
field indicate that it is due to the presence of a penetrat- 
ing magnetic flux and hence that the superconductor is 
a class 2 superconductor. 

[0052] Mention is next made of an alloy superconduc- 
45 tor containing the intermetallic compound made of mag- 
nesium and boron in accordance with the present inven- 
tion. 

[0053] Fig. 7 is a graph illustrating a result of powder 
X-ray diffraction measurements conducted of an alloy 

so superconductor containing the intermetallic compound 
made of magnesium and boron in accordance with the 
present invention. The alloy superconductor used in the 
measurements is one made by a method of manufac-. 
ture to be described later herein arid has a composition 

ss MgfBo;^; and the method of measurement Is Identical 
to that for the case of Fig. 3. 

[0054] In Fig. 7, the diffraction peaks are seen all to 
agree with the face index numbers of Mg metal atoms 
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(having hexagonal closest packed crystal structure), 
and at the angular position of diffraction indicated by the 
arrow there is observed, though small, an intensity of 
diffraction based on the Mg 1 B 2 intermetallic compound. 
It is thus seen that an alloy superconductor according s 
to the present invention is an alloy superconductor con- 
taining the intermetallic compound made of magnesium 
and boron: 

[0055] Mention is next made of the superconducting 
properties of an alloy superconductor containing the in- 
termetallic compound made of magnesium and boron. 
[0056] Fig. 8 is a graph illustrating a resutt of meas- 
urements conducted to derive the temperature charac- 
teristics of the resistance of an alloy superconductor 
containing the intermetallic compound made of magne- 
sium and boron in accordance with the present inven- 
tion. Fig. 8 in addition to the main includes a subsidiary 
graph showing the characteristics in the neighborhood 
of the superconducting transition temperature in a mag- 
nified scale. As is apparent from Fig. 8, the alloy super- 
conductor containing the intermetallic compound made 
of magnesium and boron in accordance with the present 
invention is a superconductor having a superconducting 
transition temperature: T c = 39 K. 
[0057] Mention is next made of a result of measure- 
ments conducted of the magnetic susceptibility of alloy 
superconductor according to the present invention. 
[0058] Fig. 9 is a graph illustrating a result of meas- 
urements conducted to derive the temperature charac- 
teristics of the magnetic susceptibility of an alloy super- 
conductor containing the intenmetal lie compound made 
of magnesium and boron in accordance with the present 
invention. Magnetic susceptibilities were measured in 
the same manner as in the measurements of Fig. 6. 
[0059] As is apparent from Fig. 9, exhibiting negative 
susceptibilities, namely diamagnetism, at temperatures 
lower than T c = 39 K it is seen that the alloy supercon- 
ductor containing the intermetallic compound made of 
magnesium and boron in accordance with the present 
invention is a superconductor having a superconducting 
transition temperature of T c = 39 K. In Fig. 9, the case 
is shown that cooling is effected under a magnetic field 
H (= 100 Oersted). Showing lower susceptibilities in 
cooling under a magnetic field indicate that it is due to 
the presence of a penetrating magnetic flux and hence 
that the superconductor is a class 2 superconductor. 
[0060] Mention is next made of methods of making an 
intermetallic compound superconductor made of mag- 
nesium and boron, and alloy superconductor containing 
the intermetallic compound made of magnesium and 
boron, in accordance with the present invention.. 
[0061] In the methods of making according to the 
present invention to be described below, which of inter- 
metallic compound superconductor and alloy supercon- 
ductor is coming out depends on the compositional pro- 
portions of Mg and B in feedstock powders to be mixed 
together. Thus, if feedstock powders are mixed together 
to contain magnesium and boron at a compositional ra- 



tio of Mg/B =1/2, then the entire powder mixture makes 
up a single phase intermetallic compound superconduc- 
tor of the hexagonal AIB2 type crystal log rap hie structure 
expressed by composition formula: Mg 1 B 2 . 
[0062] On the other hand, if feedstock powders are 
mixed together to contain magnesium and boron at a 
compositional ratio of Mg/B = (1 -x)/(2+y) where 0 < x < 
1 , -2 < y < 0 and 0 < y < 2, then there comes out an alloy 
superconductor containing the intermetallic compound 
mentioned above. Here, the compositional ratio can be 
varied to meet with an application purpose. For exam- 
ple, making Mg larger In compositional proportion may 
produce a superconducting electric cable. For Mg feed- 
stock powder, use may be made of Mg powder or MgO 
powder. And, for B feedstock powder, use may be made 
of B powder. 

[0063] In making an intermetallic compound super- 
conductor or a powder conductor, several methods are 
available. 

[0064] In a first method, a Mg powder and a B powder 
are mixed together in an agitating apparatus to form a 
powder mixture, which is then shaped into a pellet form, 
which in turn is heated in an inert gas atmosphere at a 
temperature of 700 to 2000°C for a period of several 
seconds or more by using any known heating means 
such as arc heating , plasma-arc heating or high-fre- 
quency melting. This method permits forming either su- 
perconductor with ease. 

[0065] In a second method, a Mg powder and a B 
powder are mixed together in the agitating apparatus to 
form a powder mixture, which is then shaped into apellet 
form, which in turn is heated in a vacuum under a pres- 
sure of 2 x 1 0* 2 Pa or less at a temperature of 650 to 
1100°C for a period of several minutes or more. This 
method permits forming either superconductor with 
ease. 

[0066] In a third method, a Mg powder and a B powder 
are mixed together in the agitating apparatus to form a 
powder mixture, which is then shaped into a pellet form, 
which in turn is placed in a HIP (hot isostatic pressing) 
apparatus (made by, e.g., company Kobe Seiko, high 
temperature, high pressure atmosphere furnace) 
charged with an inert gas and is heated therein under 
an inert gas pressure of 1 to 200 MPa at a temperature 
of 600 to 1 1 00° C for a period of several minutes or more. 
This method permits forming either superconductor with 
ease. 

[0067] In a fourth method, Mg powder and B powder 
are mixed together in the agitating apparatus to form a 
powder mixture, which is then shaped into a pellet form, 
which in turn is placed in a cubic anvil pressing or like 
pressing apparatus and is heated therein under a pres- 
sure of 0.1 to 6 GPa at a temperature of 700 to 1400°C 
(hot pressed) for a period of several minutes or more. 
This method permits forming either superconductor with 
ease. High pressure is required to facilitate joining grain 
boundaries together while high temperature is needed 
to grow superconducting phase. 
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[0068] It should be noted here that an intermetallic 
compound superconductor and an alloy superconductor 
according to the present invention are not limited in form 
to a pofycrystalline sintered body as above but may in 
form be a polycrystalline bulk body, large single crystal, 
or a thin film. 

[0069] Using a conventional bulk body fabricating ap- 
paratus such as a forging or a superhigh-pressure 
pressing and heating synthetic apparatus permits an in- 
termetallic compound superconductor in the form of a 
polycrystalline bulk body to be made that is light in 
weight, high in hardness and excels in corrosion resist- 
ance. 

[0070J Also, a large single-crystal intermetallic com- 
pound superconductor is obtainable by using a known 
single-crystal growth process such as recrystallization, 
simple lifting, floating zone melting or fluxing, with the 
use of a suitable crucible in a controlled atmosphere. 
[0071] Further, a thin-film intermetallic compound su- 
perconductor is obtainable by chemical gas-phase va- 
por deposition using a gas phase source containing 
magnesium and boron at compositional ratio of Mg/B = 
1/2, or by sputtering with the use of a target material as 
a sputtering source containing magnesium and boron at 
compositional ratio of Mg/B = 1/2. Also, for the substrate 
on which to form a thin-film intermetallic compound su- 
perconductor, use may be a metal substrate formed of, 
e.g., Cu, or a ceramic substrate, and may be a compos- 
ite substrate having a ceramic deposited on a metal sub- 
strate. Such substrates may selectively be used to meet 
with a particular use or application. 
[0072] A superconducting alloy that excels in mallea- 
bility and ductility is obtainable by making larger in Mg 
and B proportions the amount of Mg that excels in mal- 
leability and ductility, or by compounding upon addition 
of another metal or metals that excels in malleability and 
ductility. Such a superconducting alloy can be worked 
by rolling or extrusion into a ultra-thin multi-core super- 
conducting cable, a thin superconducting wire, or a su- 
perconducting alloy wire or cable. 

Industrial Applicability 

[0073] As can be appreciated from the foregoing de- 
scription, the present invention provides an intermetallic 
compound superconductor that is high in superconduct- 
ing transition temperature and is easy to make and 
hence is extremely useful when applied to supercon- 
ducting electronics such as a high performance Joseph- 
son device, a high frequency or electronic device. 
[0074] The present invention also provides an alloy 
superconductor containing the intermetallic compound, 
which is high in superconducting transition temperature, 
excels in malleability and ductility and is easy to make, 
and hence is extremely useful when applied to a large 
scale superconducting cable system, a superconduct- 
ing electric powder storage system, a high performance 
Josephson device, a high frequency or electronic de- 



vice; 

[0075] Further, using the method of making an inter- 
metallic compound superconductor or an alloy super- 
conductor containing such an intermetallic compound 
5 permits the intermetallic superconductor or the alloy su- 
perconductor containing such an intermetallic com- 
pound to be manufactured with an extremely high repro- 
ducibility, with ease, and at a reasonable cost. 



Claims 

1 . An intermetallic compound superconductor, char- 
acterized In that it is an intermetaHic compound 

is made of magnesium (Mg) and boron (B). 

2. An alloy superconductor, characterized in that it 
contains an intermetallic compound made of Mg 
and B, and one or more metallic elements. 

20 

3. An intermetallic compound superconductor as set 
forth in claim 1 , characterized In that it is of a com- 
position expressed by chemical composition formu- 
la: Mg^ and has a hexagonal AIB2 type crystal lo- 

25 graphic structure in which a Mg layer and a B layer 
lie alternately. 

4. An alloy superconductor as set forth in claim 2, 
characterized in that it contains said intermetallic 

30 compound artd is of a composition expressed by 
chemical composition formula: Mg 1 . x B 2+y where 0 
< x < 1 , -2 < y < 0 and 0 < y < 2. 

5. An intermetallic compound superconductor as set 
35 forth in claim 1 , characterized In that it has a su- 
perconducting transition temperature (T c ) of 39 K. 

6. An alloy superconductor as set forth in claim 2, 
characterized in that it has a superconducting 

40 transition temperature (T c ) of 39 K. 

7. A method of making an intermetallic compound su- 
perconductor, characterized in that it comprises 
the steps of : mixing a Mg containing feedstock pow- 

^5 der and a B containing feedstock powder together 
to form a mixture powderthereof so that the mixture 
powder contains Mg and B at a compositional ratio 
of Mg/B » 1/2, shaping said mixture powder into the 
form of a pellet, and heating said pellet in an inert 

so gas to form the intermetallic compound supercon- 
ductor. 

8. A method of making an intermetallic compound su- 
perconductor, characterized in that it comprises 

55 the steps of: mixing a Mg containing feedstock pow- 
der and a B containing feedstock powder together 
to form a mixture powderthereof so that the mixture 
powder contains Mg and B at a compositional ratio 
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of Mg/B = 1/2, shaping said mixture powder into the 
form of a pellet, and heating said pellet in a vacuum 
to form the intermetallic compound superconductor. 

9. A method of making an intermetallic compound su- 
perconductor, characterized In that it comprises 
the steps of : mixing a Mg containing feedstock pow- 
der and a B containing feedstock powder together 
to form a mixture powder thereof so that the mixture 
powder contains Mg and B at a compositional ratio 
of Mg/B =1/2, shaping said mixture powder into the 
form of a pellet, and heating said pellet in a pressu- 
rized inert gas to form the intermetallic compound 
superconductor. 

10. A method of making an intermetallic compound su- 
perconductor, characterized in that it comprises 
the steps of : mixing a Mg containing feedstock pow- 
der and a B containing feedstock powder together 
to form a mixture powder thereof so that the mixture 
powder contains Mg and B at a compositional ratio 
of Mg/B = 1/2, shaping said mixture powder into the 
form of a pellet, and pressing and heating said pellet 
to form the intermetallic compound superconductor. 

1 1 . A method of making an alloy superconductor, char- 
acterized in that it comprises the steps of: mixing 
a Mg containing feedstock powder and a B contain- 
ing feedstock powder together to form a mixture 
powder thereof so that the mixture powder contains 
Mg and B at a compositional ratio of Mg/B = (1 - x) 
/ (2 + y) where 0<x<1 ,-2<y<0 and 0 < y < 2, 
shaping said mixture powder into the form of a pel- 
let, and heating said pellet in an inert gas to form 
the alloy superconductor. 

12. A method of making an alloy superconductor, char- 
acterized In that it comprises the steps of: mixing 
a Mg containing feedstock powder and a B contain- 
ing feedstock powder together to form a mixture 
powder thereof so that the mixture powder contains 
Mg and B at a compositional ratio of Mg/B = (1 - x) 

: / (2 + y) where 0 < x < 1 , -2 < y < 2 and 0 < y < 2, 
shaping said mixture powder into the form of a pel- 
Jet, and heating said pellet in a vacuum to form the 
alloy superconductor. 

13. A method of making an alloy superconductor, char- 
acterized in that it comprises the steps of: mixing 
a Mg containing feedstock powder and a B contain- 
ing feedstock powder together to form a mixture 
powder thereof so that the mixture powder contains 
Mg and B at a compositional ratio of Mg/B = (1 -x) 
/ (2 + y) where 0<x<1,-2<y< 0 and 0 < y < 2, 
shaping said mixture powder into the form of a pel- 
let, and heating said pellet in a pressurized inert gas 
to form the alloy superconductor. 



1 4. A method of making an alloy superconductor, char- 
acterized in that it comprises the steps of: mixing 
a Mg containing feedstock powder and a B contain- 
ing feedstock powder together to form a mixture 
5 powder thereof so that the mixture powder contains 
Mg and B at a compositional ratio of Mg/B = (1 -x) 
/ (2 + y) where 0<x<1,-2<y<0 and 0 < y < 2, 
shaping said mixture powder into the form of pellet, 
and pressing and heating said pellet to form the al- 
to loy superconductor. 

15; A method of making an intermetallic compound su- 
perconductor as set forth in claim 7, characterized 
In that said pellet is heated in said inert gas at a 
15 temperature of 700 to 2000°C for a period of several 
seconds or more. 

16. A method of making an intermetallic compound su- 
perconductor as set forth in claim 8, characterized 
20 in that said pellet is heated in the vacuum under a 
pressure of 2 x 1 0~ 2 Pa or less at a temperature of 
650 to 1100°C for a period of several minutes or 
more. 

25 17. A method of making an intermetallic compound su- 
perconductor as set forth in claim 9, characterized 
in that said pellet is heated in said inert gas under 
a pressure of 1 to 200 MPa at a temperature of 600 
to 11 00°C for a period of several minutes or more. 

30 

18. A method of making an intermetallic compound su- 
perconductor as set forth in claim 10, character- 
ized in that said pellet is pressed and heated under 
a pressure of 0.1 to 6 GPa at a temperature of 700 

35 to 1400°C for a period of several minutes or more. 

19. A method of making an alloy superconductor as set 
forth in claim 11 , characterized in that said pellet 
is heated in said inert gas at a temperature of 700 

40 to 2000°C for a period of several seconds or more. 

20. A method of making an alloy superconductor as set 
forth in claim 12, characterized in that said pellet 
is heated in the vacuum under a pressure of 2 x 1 0* 2 

45 Pa or less at a temperature of 650 to 1100°C for a 
period of severai minutes or more. 

21 . A method of making an alloy superconductor as set 
forth in claim 13, characterized in that said pellet 

so is heated in said inert gas under a pressure of 1 to 
200 MPa at a temperature of 600 to 1100°C for a 
period of several minutes or more. 

22. A method of making an alloy superconductor as set 
55 forth in claim 14, characterized In that said pellet 

is pressed and heated under a pressure of 0.1 to 6 
GPa at a temperature of 700 to 1 400°C for a period 
of severaJ minutes or more. 
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